The infra-red spectrum of C2H.D has been investigated under high resolution. As expected, the bands corresponding to degenerate vibrations of C 2 Hs are split into two components with oscillations in the symmetry plane and normal to the symmetry plane respectively. Analogues of several of the inactive C2H& frequencies have also been observed, including a pair at 1122 cm-1 and 1159 cm-1 corresponding to a Raman line of ordinary ethane which has been predicted at about 1170 cm-1 but has not as yet been found.
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A LTHOUGH the infra-red and Raman spectra of ethane have been examined on a number of occasions,l several uncertainties remain. "12, sometimes called the "uncertain frequency" has never been observed in the Raman spectrum and its value has had to be ascertained by indirect methods. The frequency of the internal torsional motion and the height of the barrier hindering free rotation remain open to question. Furthermore, there is not sufficient experimental evidence to decide definitely whether ethane belongs to the point group D3h or to the point group D 3d• The infra-red spectrum of the slightly asymmetrical mono-deutero-ethane molecule here reported, has been investigated as a means of acquiring more information regarding the existing uncertainties. The only previously published work on C 2 H6D was done by E. Bartholome and H. Sachsse. 2 They used low dispersion and considered only the 12,u and 6.8,u regions. Benedict, Morikawa, Barnes, and Taylor 3 have also published some work on deutero-ethanes but made no attempt to prepare and analyze specific ones.
The replacement of one of the hydrogen atoms in the ethane molecule by a deuterium atom results in the formation of the asymmetric Chern. Phys. 6, 295 and 409 (1935) ; G. Goubeau and J. Karweil, Zeits. f. physik. Chemie B40, 376 (1938) . ! E. Bartholome and H. Sachsse, Zeits. f. physik. Chemie B30, 40 (1935) .
3 Benedict, Morikawa, Phys. 5, 1 (1937).
Barnes, and Taylor, J. Chern. C2H5D molecule. This molecule possesses only one element of symmetry which is a plane containing the deuterium atom, the two carbon atoms, and one hydrogen' atom. It belongs to the point group C. and the symmetry type of a vibration is called A' or A" depending on whether the vibration is symmetric or antisymmetric with respect to the plane of symmetry. It can be shown that eleven of the eighteen fundamental frequencies belong to symmetry class A' while the remaining seven belong to the class A".
The reduction in symmetry removes the degeneracy of the perpendicular bands of C2He and allows the possibility of certain bands which are active only in the Raman spectrum of ethane to become observable in the infra-red spectrum of mono-deutero-ethane.
The mono-deutero-ethane was prepared the well-known Grignard reaction:
Precautions were taken to assure the absence of ether and water vapor in the final product. The mono-deutero-ethane was found quite free of impurity except for a trace of ethylene which had probably been left in the system when it was previously used for the preparation of that gas. Only the 950 cm-l band of ethylene, which is indeed a very intense one, appeared in the infrared spectrum of the final product. It is certain that the amount of C2He was small though the heavy water was not of the highest purity. 182
Throughout the experimental observations a grating spectrometer with a rocksalt foreprism was used. This instrument has been described by Barker and Meyer. 4 The individual points used for plotting were obtained as the result of several deflections of the galvanometer with and without the gas cell in the beam. Table I lists the experimental conditions under which various regions of absorption were studied. The observed bands are shown in Figs. 1-5. Recent observations on the perpendicular bands of C 2 H 6 are also shown for comparison with their counterparts in C2H5D.
The slight asymmetry of the C2H5D molecule will result in the splitting of the doubly degenerate perpendicular bands of C2H 6 into two components of the types called C and B depending on whether the change of electric moment takes place along the major or intermediate axis of inertia. The general nature of the appearance of the infra-red bands of an asymmetric rotator has been discussed by Nielsen 5 for planar molecules and by Badger and Zumwalt 6 in the more general non-planar case. Generally speaking, the C type bands show a central maximum, as a result of a tendency of the K structure to converge toward the center, while the B type bands show a central minimum or gap caused by the tendency of the K structure to diverge from C 2 H 6 but has never been observed, could be active in the infra-red spectrum of C2H.D, and one would expect it to appear with low intensity, which is the case. Since in general the replace- ment of a hydrogen atom by one of deuterium removes the degeneracy and two components appear, one in approximately the same position as for C 2 H 6 and the other at a considerably lower frequency, the value 1170 cm-1 calculated by Stitt 7 from his work on C 2 D 6 is experimentally substantiated.
It may happen in c~rtain vibrations of an asymmetric molecule that the change of electric moment does not take place purely along one of the principal axes, but has components along two or possibly three of the axes, in which case bands of a two-or threefold hybrid character will appear. A superposition of the corresponding pure band structures will result and the observed band will have neither the appearance of a pure C type nor that of a pure B type band. Examples of-such bands observed in the infra-red spectrum of C 2 H.D are the pair at 1311.73 cm-1 and 1468.55 cm-1 which correspond to the doubly degenerate 1480 cm-1 band (va) of C 2 H 6 and the pair at 2981.07 cm-1 and 2180.55 cm-1 corresponding to the doubly degenerate 2989 cm-1 band (V7) of C 2 H 6 • It is to be noted that each of the components exhibits a central maximum.
7 F. Stitt. J. Chem. Phys. 7, 297 (1939) . I t is probable that the 1309.76 cm-1 band which appears in Fig. 2 as the weaker component of a doublet, is another instance in which the asymmetry of the C 2 H5D molecule allows the appearance of a frequency in the infra-red spectrum the counterpart of which was forbidden in the infra-red spectrum of the symmetrical C 2 H 6 molecule. If this band at 1309.76 cm-1 is one of the components related to the 1463 cm-1 Raman-active vibration (Vll) of C 2 H 6 then it would appear that the 1468. likewise. Again, one of the components will be expected to appear at a frequency only slightly different from the Eg frequency, while the other will be shifted considerably toward lower frequencies. However, in the case of the least shifted frequency, the presence of the deuterium atom has very little effect on the motions of the hydrogen atoms, and if the corresponding frequency in C2HS is inactive in the infra-red ** Naming the symmetry of the vibrations in accord with a Dad configuration is not to be interpreted as eliminating the DSh possibility.
because it involves no change in electric moment, then the change in electric moment will probably be quite small in the case of C2HoD. On the other hand, in the component of lower frequency, the deuterium atom has a large effect on the motion of the hydrogen atoms, and the change in electric moment may be correspondingly larger, yielding a greater intensity of absorption. The asymmetric rotator also exhibits A type bands which correspond to the parallel bands of a symmetric rotator. In the infra-red spectrum of ethane a Fermi-doublet with components at 2954 cm-I and 2894 cm-I IS observed. The Raman spectrum exhibits a similar Fermi-doublet with components at 2899 and 2955 cm-I • In the corresponding region of absorption in C2H5D, again a Fermi-doublet appears but each component of it appears to be double. The measurements indicate that parallel Q branches appear at 2892.33, 2896.87, 2948.86 , and 2952.93 cm-
I •
There is, then, at least an indication that the C2HoD vibration which corresponds to the highest frequency Raman active A ig vibration (VI) of ethane, appears in infra-red absorption as well as the vibration which corresponds to the A 2u infra-red active frequency (v o ) in the same region.
The A type band which appears in C 2 HoD at 1388.42 cm-1 is no doubt the counterpart of the 1379 cm-1 band (V6) in C 2 H 6• The fact that the frequency is higher in C2H6D indicates that the presence of the deuterium atom has the effect of changing the motion of the hydrogen atoms in such a way that a larger restoring force acts upon them in C2HoD than in C 2 H 6 •.
The Raman active counterpart (V2) of the 1379 cm-1 infra-red active band has never been 60 40"
.. observed. However, its value is estimated by means of the moderately strong parallel type combination band at 2753.6 em-I. In the infrared spectrum of C2H5D, an almost identical parallel combination band is found at 2753.53 be a parallel type band with its Q branch at 2281.11 em-I.
If it is assumed that the selection rules for the combination bands of ethane stili hold in the slightly modified C2H6D molecule, the only reasonable assignment for the 2596 cm-I band is the sum of the 1469 cm-I frequency and the 1120 cm-I frequency. It is gratifying to observe this combination which involves one of the components of the pair of bands at 1120 and 1159 em-I, for its appearance supports the contention that this pair of bands is the counterpart of the "uncertain frequency" (VI2) of C 2 H 6 • The only reasonable assignment for the parallel combination band at 2281 cm-I appears to be the sum of the 804 cm-I frequency and the unobserved frequency in the 1400 to 1500 cm-I region, corresponding to the Eg band of ethane in this vicinity. Using the combination band to determine the frequency of the unobserved vibration, its value is approximately 1477 em-I. Table II gives the suggested set of fundamental frequencies for C 2 H 6 and C 2 H5D. It Will be noted that the frequencies of all the E" bands are slightly different from those given by Stitt,1 These differences are based on recent observations in this laboratory of the ethane spectrum 
